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7 The work being performed under t h i s  cont rac t  cons i s t s  of two phases: 
1) a de t a i l ed  study of the  behavior of the  pos i t i ve  n i cke l  hydroxide e lec-  
t rode  with respect  t o  i t s  charging cha rac t e r i s t i c s ,  gassing behavior, and 
charge r e t en t ion ;  and 2) a study of the  sources and e f f e c t s  of impuri t ies  
on the  performance of nickel-cadmium c e l l s .  This program i s  an extension 
of t he  work on the cha rac t e r i za t ion  of nickel-cadmium c e l l s  conducted under 
a previous NASA cont rac t  (NAS 5-3477). The o v e r a l l  goal of t h i s  work i s  the  
development of nickel-cadmium c e l l s  with mare uniform capaci ty  and operat ing 
c h a r a c t e r i s t i c s ,  such as charge and discharge vol tage,  charge acceptance, 
pressure behavior during charging, and cycle  l i f e .  
During the  t h i r d  quarter ,  an addi t ional  two hundred pos i t i ve  e lec t rodes  
were processed through the i n i t i a l  s i x  cycle,  charge-discharge, charac te r iza-  
t i o n  procedure. An ana lys i s  of t h e  r e s u l t i n g  capaci ty  da t a  ind ica t e s  a r e -  
presenta t ive  capaci ty  d i s t r i b u t i o n  curve fo r  the  l o t  of pos i t i ve  e lec t rodes  
being used i n  the program has been obtained. The capac i t i e s  f o r  the three  
hundred electrodes processed t o  date,  range from 950 ma.-hrs. t o  1350 ma.-hrs. 
Ninety percent of the e lec t rodes  have capac i t i e s  between 1050 t o  1250 ma.-hrs. 
There are an approximately equal number of e lec t rodes  i n  each of t he  four 
50 ma.-hr. capaci ty  increments between.1050 and 1250 ma.-hrs. 
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The pos i t i ve  e lec t rodes  behavior s tud ie s  a r e  underway. S i x  electrodes,  
th ree  from the  high end (1201-1250 ma.-hrs. increment) and th ree  from the  
low end (1051-1100 ma.-hr. increment) of the  capac i ty  d i s t r i b u t i o n  curve, 
were cycled from s i x  t o  twelve times i n  the 100% depth of discharge made 
(charge and discharge rates -300 m a . ) ,  
t rode (mercury-mercuric oxide) and the r a t e  of oxygen evolut ion were measured 
and recorded during these cycles.  The vol tage da ta  has not been analyzed. 
The gas evoltltion d a t a  has been analyzed by examining p l o t s  of the  in s t an ta -  
neous percentage of charge cur ren t  being converted t o  oxygen versus a s t a t e  
of charge f ac to r  fo r  the electrodes.  The s t a t e  of charge f ac to r  i s  defined 
as the  ampere hour input  minus the  ampere hour converted t o  oxygen up t o  any 
t i m e  during the  change period divided by ampere hour capac i ty  obtained on 
the  discharge por t ion  of the  cycle .  A l l  e lec t rodes  showed measurable oxygen 
evolu t ion  (1-2% of charge cur ren t  converted t o  oxygen) a t  approximately 50% 
state  of charge. A t  a 90% state  of charge, the  gassing r a t e  values for  the  
two groups of e lec t rodes  overlapped. The gassing r a t e  values i n  the  twel f th  
cyc le  were i n  the range of 5 t o  7% a t  a s t a t e  of charge f ac to r  of 90%. One 
t rend  observed was t h a t  a l l  of t h e  e lec t rodes  showed a t r a n s i e n t  increase i n  
gassing r a t e  during the  second t o  f i f t h  cycle  and then a gradual decrease i n  
gassing r a t e  with continued cycling. Another s i g n i f i c a n t  observation i s  t h a t  
a l l  of  the e lec t rodes  increased i n  capaci ty  over the twelve cycles .  
from the  low capaci ty  group increased approximately 10% and those from high 
capac i ty  group increased 3 t o  5%. 
Yne voltage veraiia B LSLSLZI ILL  elec- 
Electrodes 
After  t he  twel f th  cycle,  the e l e c t r o l y t e  i n  the  t e s t  c e l l s  w a s  made ap- 
proximately 0.3M i n  carbonate by bubbling carbon dioxide through the  elec- 
t r o l y t e .  The e lec t rodes  were put through s i x  addi t iona l  cycles.  Although 
the  d a t a  has not been analyzed i n  d e t a i l ,  t he re  were no s i g n i f i c a n t  changes 
noted i n  capaci ty  o r  gassing r a t e s .  
t 
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This r epor t  covers the work done during the  t h i r d  quar te r  of t he  cont rac t ,  
17 November 1965 t o  17 February 1966. The r e s u l t s  of t he  work performed under 
a previous cont rac t  (NAS5-3477) on the charac te r iza t ion  of  n i cke l  hydroxide 
and cadmium e lec t rodes  shows tha t ,  t o  a g rea t  extent ,  t he  va r i ab le  or  errat ic  
behavior of the  nickel-cadmium cell  can be assigned t o  the  behavior of the  
n icke l  hydroxide electrode.  A second major cont r ibu t ing  f ac to r  is  the  presence 
of impur i t ies  introduced i n t o  the c e l l  e i t h e r  during i ts  manufacture or  formed 
as degradation products from c e l l  components during the  operat ion of the  c e l l .  
The objec t ive  of t h i s  program i s  t o  determine the  r e l a t i v e  importance of 
these f ac to r s  and the ex ten t  t o  which the v a r i a b i l i t y  i n  ce l l  performance can 
be reduced. 
pos i t i ve  e lec t rodes  and c y c l i c  sealed ce l l  performance tests. 
The experimental work includes de t a i l ed  s tud ie s  of individual  
During the t h i r d  quarter ,  t he  i n i t i a l  cha rac t e r i za t ion  of pos i t i ve  e lec-  
t rodes w a s  continued. An addi t ional  two hundred e lec t rodes  were charged and 
discharged f o r  a t o t a l  of s i x  cycles a t  a rate of 300 milliamperes (nominal 
1214 rate based on the  capaci ty  of the pos i t i ve  p la tes ) .  
hundred pos i t i ve  electrodes have Deen proceas& LI LL; ZZL:~. 
A t o t a l  of th ree  
Po ten t i a l  t i m e  curves fo r  each e lec t rode  a re  recorded during these cycles. 
From these ci.mvesi the  e lec t rode  discharge capaci ty  and g raph i t i c  capaci ty  a re  
determined. The da ta  f o r  each electrode i s  averaged f o r  t he  s i x  cycles  ana 
these  values are the i n i t i a l  discharge and g raph i t i c  capaci ty  fo r  t he  p a r t i -  
c u l a r  e lectrode.  The ind iv idua l  capac i t ies  fo r  each o f  the  s i x  cycles  a re  
f i t t e d  t o  a s t r a i g h t  l i n e  and the  slope and standard devia t ion  calculated t o  
note  d i f fe rences  i n  e lectrodes.  These computations are made on a computer. 
An addi t iona l  program i s  then used t o  c l a s s i f y  e lec t rodes  i n t o  50 ma-hr. 
capac i ty  groups and i n  order  of increasing slopes of the  capaci ty  VS. cycles  
curves. I n  t h i s  manner, e lectrodes having s imi la r  c h a r a c t e r i s t i c s  i n  a given 
capac i ty  group can be se lec ted  for use i n  the pos i t i ve  e lec t rode  behavior 
s tud ie s .  A p lo t  of the number of e lec t rodes  i n  each discharge capaci ty  group 
of 50 ma-hr. range provides a d i s t r i b u t i o n  curve. 
The pos i t i ve  e lec t rode  behavior s tud ie s  a re  underway. Three electrodes,  
each se l ec t ed  from the high and l o w  end of the capaci ty  d i s t r i b u t i o n  curve, 
were cycled i n  the  oxygen evolution r a t e  measuring f a c i l i t y  i n  the  100% depth 
of discharge mode a t  room temperature, Charge and discharge r a t e s  fo r  these  
tests a r e  300 ma. During the t e s t s ,  the  e lec t rode  po ten t i a l  versus a r e f e r -  
ence e lec t rode  i s  monitored and recorded along with the  concentration of 
oxygen i n  the ni t rogen c a r r i e r  gas stream flowing through the  t e s t  a l l .  
Capacity and gassing r a t e  var ia t ions  fo r  these e lec t rodes  were monitored f o r  
twelve cycles.  Subsequent t o  the twel f th  cycle,  carbonate was added t o  some 
of t h e  tes t  c e l l s  and cycl ing was continued fo r  s i x  addi t iona l  cycles. D e -  
t a i l s  of these experiments are given i n  the  following sect ion.  
-1- 
Section 2 
DISCUSSION OF RESULTS 
DISTRIBUTION OF ELECTRODE CAPACITIES 
Two hundred pos i t i ve  electrodes were processed through the  i n i t i a l  s i x  
cycle  charac te r iza t ion  procedure during the  quarter .  The e lec t rodes  a re  
charged and discharged a t  a r a t e  of 300 ma (nominal c/4 r a t e ) .  The d i s -  
charge capaci ty  of each e lec t rode  is defined as the average of the values 
fo r  the  s ix  cycles.  
The electrode capaci ty  d i s t r ibu t ion  based on 50 ma. hr.  increment ranges 
of capac i t i e s  is  shown i n  Figure 1. The d i s t r i b u t i o n  i s  p lo t ted  i n  a cumu- 
l a t i v e  manner showing the  e f f e c t  of successive groups of  100 electrodes.  
the  bas i s  of these r e s u l t s ,  i t  appears t h a t  a representa t ive  sample of the 
1000 pos i t ive  electrode l o t  has been obtained. An addi t iona l  one hundred 
e lec t rodes  w i l l  be processed t o  provide a s u f f i c i e n t  supply of e lectrodes 
from which electrodes w i l l  be selected for  use i n  the  pos i t ive  e lec t rode  be- 
havior s tud ies  and the  impuri t ies  s tudies .  
On 
The de ta i l ed  da t a  f o r  each electrode character ized i s  recorded i n  the  
Appendix, Table 1-1. The da ta  includes the  average discharge capaci ty  f o r  
the  s i x  cycles  and the s lope of the l i n e  passing through each capaci ty  s tep .  
S imi la r  da t a  i s  recorded f o r  the graphi t ic  s tep.  The da ta  i s  presented i n  
groups of d i s ~ h a r g c  capacities h ~ ~ i n g  5(! E=. hr, in~rpmnts ;  
A comparison of the charac te r iza t ion  capaci ty  da ta  for  the  electrodes 
(Schenectady) with the capaci ty  values determined a t  Gainesvi l le  i s  shown 
i n  Table 1. The values shown a r e  the averages for  groups of 10 electrodes.  
The 10 electrodes c o n s t i t u t e  a c e l l  pack which w a s  used i n  the electrochemi- 
c a l  t e s t i n g  a t  the  Company's Gainesville,  F lor ida  Plant .  I n  the majority of 
the  cases ,  the Schenectady values a re  within f i v e  percent of the  Gainesvi l le  
values .  
I n  one case,  c e l l  pack number 9, the  Schenectady value i s  36% higher 
than the Gainesvi l le  value. This la rge  change suggests t h a t  the o r ig ina l  
pack was incompletely formed. 
I n  the  l a s t  quarter ly ,  i t  was observed t h a t  capaci ty  increased with re- 
peated charac te r iza t ion  cycling. A s imi l a r  observation has been noted i n  the 
pos i t i ve  e lec t rode  gassing behavior s tud ies .  I n  view of these r e s u l t s ,  it i s  
now planned t o  recharac te r ize  approximately 100 electrodes,  50 se lec ted  from 
the high and 50 se lec ted  from the low end of the  capaci ty  d i s t r i b u t i o n  curve 
fo r  an addi t iona l  25 cycles .  The capaci ty  da ta  w i l l  be cor re la ted  t o  see  i f  
the  s h i f t s  i n  capaci ty  d i s t r ibu t ion  i s  s ign i f i can t  fo r  the two groups of e lec-  
t rodes.  These e lec t rodes  w i l l  then be used i n  the pos i t ive  electrode behavior 
and impurity s tud ies .  Resul ts  w i l l  be compared with electrodes from the  same 
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POSITIVE ELECTRODE BEHAVIOR 
The objec t ive  of these s tud ies  is  t o  determine the capaci ty ,  vol tage and 
gassing behavior of individual  e lectrodes as  a funct ion of the s t a t e  of charge 
i n  se lec ted  cyc l i c  modes of operation. Variables which w i l l  be examined are 
the i n i t i a l  charac te r iza t ion  capacity and the  e f f e c t  of extensive cycl ing of 
the electrode.  Deta i l s  of the  cycling modes and test condi t ions a r e  given i n  
Table 2. 
The experimental equipment for measuring and recording the  r a t e  of oxygen 
evolut ion i s  described i n  the second quar te r ly  report .  
i t  i s  planned t o  monitor oxygen evolution up t o  the point  where the e lec t rode  
the  t o t a l  charge equal t o  120% of the nominal capaci ty  on each cycle.  
A t  the  present t i m e ,  
. i s  90 t o  95 percent charged. The electrode is charged beyond t h i s  point,  with 
During the  quarter ,  s ix  electrodes were examined with the electrodes 
being cycled i n  the  100% depth of discharge mode a t  room temperature using 
a charge and discharge r a t e  of 300 ma,  Three electrodes were se lec ted  from 
the  high end of the capaci ty  d i s t r ibu t ion  curve (1201 - 1250 ma. hr.  range) 
and three  electrodes from the  low end of the  curve (1051 - 1100 ma. hr.  range). 
The e lec t rodes  received from six to twelve cycles ,  i n  some cases in te rmi t ten t ly .  
Following the  twel f th  cycle,  some exploratory experiments w e r e  made t o  note  the 
e f f e c t  of carbonate addi t ion  t o  the e l e c t r o l y t e .  
A sununary of t he  capaci ty  data  obtained during the  course of the  cyc l ing  
i s  given i n  Table 3. The most s ign i f i can t  observation i s  t h a t  i n  a l l  cases  
except one (e lec t rode  No. 451, tne  electrock capecltlsa Increased cver the 
course of the cycling. The electrodes from the  low charac te r iza t ion  group 
(1051 - 1100 ma,  h r , )  showed the l a rges t  increase i n  capacities, ranging from 
137 t o  177 ma. h r s , ;  whereas, the  electrodes i n  the  high capaci ty  group (1201 
1250 ma. hr.) showed increases  of 29 t o  55 ma. hr.  S imi l a r  increases i n  capa- 
c i t y  were observed during the  previous quar te r  fo r  e lectrodes which were put 
through the cha rac t e r i za t ion  cycling procedure a t o t a l  of four times. 
Analysis of the  gassing da ta  is being made on the bas i s  of  p lo t t i ng  the  
percentage of the charge cur ren t  converted i n t o  oxygen a t  a given time versus 
the s t a t e  of charge of the electrode a t  the  same t i m e .  The s t a t e  of charge of 
the  e lec t rode  is  defined as:  
c, - c 
S t a t e  of Charge Factor = 
‘d 
where 
C t  = the  t o t a l  ampere hour input t o  the  e lec t rode  up t o  time t. 
Cg = the ampere hour equivalent of a l l  the  gas evolved up t o  time t. 
cd  = the  capac i ty  del ivered by the e lec t rode  on the discharge subsequent 
t o  the gas measurement run. 
-5- 
TABLE 2 
POSITIVE ELECTRODE BEHAVIOR TEST PLAN 
Temperature Charge and 
Test Mode (OC) Discharge R a t e  
Cycl ic  Tests 
1. 25% Depth 0 and 25 c/4 - c/4 
of Discharge c/4 - c / 4  
2. 100% Depth 25 
of Discharge 
Open C i r c u i t  
Decay Tests 
S t a r t i n g  S t a t e  
1. 75% charged 25 
2, 100% charged 0 and 25 
3, 125% charged 25 
4. 150% charged 25 
5. 200% charged 25 
C/4 - c/4 
c /4  - 0 
c/4 - 0 
c /4  - 0 
c /4  - 0 
C i 4  - 0 
Open C i r c u i t  
Stand Time 
(minutes) 
15 t o  120 
15 t o  120 
Remarks 
Periodic  capaci ty  
measurement 
-- 
Monitor vol tage 
decay and oxygen 
evolut ion ra te ,  
Residual capac i ty  
measuremni a t  












POSITIVE ELECTRODES CAPACITY DATA SUMMARY 
I n i t i a l  
Capacity 







Capacity(3) vs , Cycle Number 
1 2  3 4 5 6 10 12 14 
1144 1161 1162 1141 1162 1162 -- -- - -  (1) 
1230 1245 1250 1257 1260 -- -- 1290 1290(2) 
1194 1230 1230 1230 1236 -- -- 1269 1269(2) 
1144 1161 1180 1160 1240 1240 -- -- -- (1) 
1035 1080 1104 1110 1125 -- 117 6 1200(2) 
1050 1104 1116 1128 1146 1155 1230 1230(2) 
NOTES: ( l )Electrodes cycled s i x  times, two cycles  consecutive with severa l  days 
(2)Electrcdes cycled t w e l v e  t i m e s ,  s i x  cycles consecutive with several  
Carbonate added t o  31% KOH e l ec -  
rest between cycles 2 and 3, and 4 and 5. 
days r e s t  between cycles 6 and 7,  
t r o l y t e  a f t e r  cycle number 12  by bubbling C02 through e l ec t ro ly t e .  
Cycling was continued for s i x  more cycles.  
(3)Capacity i n  ma. h rs ,  
-7 - 
Data fo r  the electrodes a re  plot ted i n  t h i s  manner i n  Figures 2 through 
6, fo r  some of the  cycles  t o  i l l u s t r a t e  t he  order  of magnitude of gassing 
r a t e  and va r i a t ions  observed during the  course of t he  cycling. 
fo r  these  curves are given i n  the Appendix, Table A-2.  
Data points  
There i s  i n s u f f i c i e n t  da ta  a t  t h i s  time t o  draw any quant i ta t ive  con- 
c lus ions  w i t h  respec t  t o  differences i n  gassing behavior. Q u a l i t a t i v e l y  
electrodes which were cycled twelve times showed a common pa t t e rn  i n  the  
s h i f t i n g  of the  curves shown i n  Figures 2 through 6. 
t h i r d  and i n  some cases,  through the f i f t h  cycle ,  t he  curves s h i f t e d  toward 
higher values of gassing r a t e s .  Beyond the  f i f t h  cycle  and through the 
twel f th  cycle ,  the curves were approximately the same as  observed f o r  the 
f i r s t  cycle. 
Usually i n  the  second, 
A comparison of the gassing r a t e  da ta  as a function of the s t a t e  of 
charge fo r  t he  f i f t h  and twelf th  cycles, i s  shown i n  Table 4. The gassing 
r a t e  values are taken from smoothed curves drawn through the o r i g i n a l  da ta  
points.  It can be seen t h a t  the gassing values for  the o r i g i n a l l y  low capa- 
c i t y  e lec t rodes  (141, 121, and 82) overlap the values f o r  the o r i g i n a l  high 
capaci ty  e lectrodes (128, 74, and 45). The o ther  observation t h a t  can be 
made i s  t h a t  a given electrode shows a t rend t o  lower gassing values with 
increasing cycles.  This r e s u l t  may be p a r t i a l l y  due t o  the increasing capa- 
c i t y  value with cycling. 
IMPURITY STUDY 
After the  twel f th  cycle,  carbon dioxide was bubbled ihi-oiigh ths e l e z t r ~ l y t e  
of the  t es t  c e l l s  containing electrodes 74, 128, 141 and 121. Carbonate content 
was determined by acid t i t r a t i o n  to  a phenolphtalein end point and then t o  a 
methyl red end point.  Cycling was then continued f o r  an addi t iona l  s ix  cycles  
t o  note  d i f fe rences  i n  capaci ty  and gassing behavior of the pos i t ive  electrodes.  
These da ta  have not been completely analyzed and w i l l  be reported i n  the  next 
progress repor t .  The carbonate content level added t o  these c e l l s  was approxi- 
mately 0.3 molar. There was no large capaci ty  va r i a t ion  noted from an exami- 
na t ion  of capaci ty  values i n  the fourteenth cycle  (see Figures 2 through 6) .  
The scope of impurity study is out l ined  i n  Table 5. The procedure t o  be 






















































































































































































































































































































POSITIVE ELECTRODES GASSING DATA COMPARISON 
I n i t i a l  Capacity 
Electrode Charac te r iza t ion  For Cycle 
Number Capacity ma.hrs. Cycle ma.hrs. 
128 1235 5 1260 
12 1290 
74 1240 5 1236 
12 1269 
45  1203 5 1162 
14 1 1053 5 1125 
12 1200 
1 2 1  1093 5 1146 
12 1230 
82 1063 5 1162 
Percentage of Current Converted t o  
Oxygen S t a t e  of Charge Fac tor -% 
60 80 90 
1.2 3.5 5.8 
1.2 3.1 5.4 
2.6 6.2 8.8 
1.8 4.7 7 .O 
4.8 9.3 12.8 
3.9 10 15.6 
2.4 4.7 7 .O 
6.8 4.0 6.8 
6.3 3.7 6.5 
3.0 5 04 7.3 
-14- 
Source 





Degradation i n  Operation 
TABLE 5 
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PROGRAM FOR NEXT QUARTER 
The work on the positive electrode behavior studies will include the 
testing of electrodes in the 100% and 25% depth of discharge cycling mode. 
Comparisons will be made between electrodes characterized for six cycles and 
for some characterized 25 cycles. 
Electrodes of these types will also be screened for short term effects 
of various levels of impurities in the electrolyte. 
At the start of this program, the Battery Business Section was unable 
to supply us with a sufficient quantity of proper grade plate material for 
use in the program. Plate material was received in September, 1965. This 
delay has caused our program schedule to slip four months. 
time only is being requested by our contract administrator. 




CAPACITY DATA FOR CHARACTERIZED ELECTRODES 
Aver age Average 
Discharge Graphitic 
Electrode Capacity S lope Capacity Slope 
Number (ma . hrs . ) (ma . hr s . /cycle) (ma.hrs.) (ma.hrs./cycle) 




























































































- 3.9 - 4.5 







































































































































TABLE 1-1 (con't) 
CAPACITY DATA FOR CHARACTERIZED ELECTRODES 
Average 
Discharge 
C apac it y 
















































- 0.9 - 2.1 
- 4.5 - 2.1 
- 3.9 - 3.9 - 3.9 
- 1.5 
- 0.0 







-12.0 - 7.5 - 0.4 
- 4.3 - 4.5 - 3.0 - 2.1 - 1.3 - 0.9 










C apac it y 





















































































TABLE 1-1 (con't) 
CAPACITY DATA FOR CHARACTERIZED ELECTRODES 
Average Average 
Discharge Graphitic 
Electrode Capacity Slope Capacity Slope 
Number (ma.hrs .) (ma.hrs./cycle) (ma.hrs.) (ma.hrs./cycle) 
147 1155 7.7 
170 1152 7 05 
136 . 1160 5.1 
19 6 1200 9 04 























i19 128C -18.9 
118 1270 1.7 
108 1275 6.0 
215 1012 - 3.9 
290 1020 - 2.6 






























































































































































TABLE 1-1 (con't) 















































(ma.hrs. /cycle)  
1 . 3  
1 . 7  
0.0 
3 .3  
0.4 





























































































































































TABLE 1-1 (con't) 









































- 1.3 - 3.4 - 2.1 
- 3.4 
0 - 4.3 - 0.9 - 2.6 





- 6.4 - 5.6 - 3.9 - 3.0 - 4.7 - 2.1 - 4.3 - 1.7 - 2.6 
0 





















































































Positive Electrode G a s  Evolution Data 
Electrode Number 45  
Initial Characterization Capacity 12 03 
Cycling Mode -- 100% Depth of Discharge - 300 ma. Charge and Discharge 
Total Cycles 6 -- Two Consecutive Cycles with Several Days Rest in Between 
_. 
-
Rate at Room Temperature 
Cycle Electrode Current Cycle Electrode Cur rent 
Number State Into Number State Into 
and of Oxygen and of Oxygen 
Capacity Charge % Capacity Charge 70 

































. 2 3  
. 9 3  
2.3 
4 .4  






















63 .8  
76.. 2 
88.5 
103 .3  
6-1162 12 .9  










4 .3  
7.3 




. 6 7  
1.6 
3.3 
5 .7  
8.0 
12 .3  
20.0 
0 
. 3 3  
1 . 3  
3.0 
5 .3  
8. 7 




~A TABLE 1-2 
Positive Electrode Gas Evolution Data 
1 -  
Electrode Number 7 4  
Initial Characterization Capacity 1240  
Cycling Mode -- 100% Depth of Discharge -- 300 ma. 
1 
i _. -1 
Rate at Room Temperature 
Charge and Discharge 
Total Cycles 18 -- Six Consecutive Cycles with Several Days Rest in Between 





































































. 3 3  
1.3 
2.7 

















































. 1 7  
* 77 












, ._ TABLE 1-2 
Positive Electrode Gas Evolution Data 
- 
Electrode Number 82 
Initial Characterization Capacity 1063 
Cycling Mode -- 100% Depth of Discharge -- 300 ma. Charge and Discharge Rate 
Total Cycles 6 -- Two Consecutive Cycles with Several Days Rest in Between 
Cycle Electrode Current Cycle Electrode Current 
-
at Room Temperature 
i 
t 
Number St ate Into Number State Into 
and of Oxygen and of Oxygen 
Capacity Charge 7 0  Capacity Charge 70 


















0 4-1162 25.8 0 
. 23  38.7 . 50  
1.0 51.4 2 .3  
2.0 63 .9  4 .7  
2.9 76.4 7.0 
4.2 88.8 10.0 
5.5 101.1 14. 3 
9.4 
0 5-1236 24.3 0 
. 17  36.4 1.0 
.67  48.3 2.0 
2.2 60.2 3.3 
4.2 72.1 4.3 
6.3 84.1 6.0 
9.2 95 .8  8.6 
13.8 
3-1180 25.4 0 6-1236 1 2 . 1  0 
38.1 .50  24 .3  . 3 3  
50.7 1.1 36.3 . 67  
63. 3 2.0 48.4 1.3 
75 .8  3 . 3  60 .3  3 .3  
88.2 5.3 72.1 5 . 3  
100.5 8 . 3  83.8 7.7 




c Positive Electrode Gas Evolution Data 
Electrode Num be r 1 2 1 
Initial Characterization Capacity 1093 
Cycling Mode -- 100% Depth of Discharge -- 300 ma. Charge and Discharge 
Total Cycles 1 8  -- Six Consecutive Cycles with Several Days Rest in Between 
d o .  3 M Carbonate Added After Cycle 12 
- -





(ma. hrs .  1 
1-1050  























Cycle Elect rod e Current 
State Into Number 
and of Oxygen 
Capacity Charge % 
(ma. hrs.  ) 70 
5-1146 39.3 0 
52. 3 . 3 3  
65. 3 1.3 
78. 1 3.3 
90.8 6 .0  
103.2 11.7 
2 -1104 13.6 0 6-1155 39.0 0 
27.2 .17 51.9 .33  
40.7 .67  64.8 1.3 
54.1 2.- 0 77.6 2.7 
67.2 7.. 3 90.2 5.7 










4-1128 13. 3 
26.6 
3 9 . 9  
53.2 
6 6 . 4  
79 .4  
92 .. 2 
104.8 
0 12-1230 24.4 0 
0 48.8 - 2  
. 1 7  60.9 .5 
.83  73.0 2. 2 
2.0 84.8 4.8 
7.3 96.4 9.0 
10.7 
14.7 
0 14-1230 24.4 0 
0 48.8 .20  
0 60.9  1.0 
. 3 3  72.9 2.7 
1 . 3  84.7 4 .7  





I -  
TABLE 1-2 
Positive Electrode Gas Evolution Data 
Electrode Number 128 
Initial Characterization Capacity 123 5 
Cycling Mode -- 100% Depth of Discharge -- 300 ma. Charge and Discharge 
Total Cycles 18 -- Six Consecutive Cycles with Several Days Rest in Between. 
-0.3 M Carbonate Added After Cycle 12 
-
-





(ha. hrs. ) 
1-1230 














































2 . 7  







5 .0  











































. 3 3  
1.0 




. 3 3  
. 8 7  
2.. 2 
3 . 2  
6 .2  
0 
. 3 3  
1.1 
2.6 
4 .2  
6 . 5  
1-10 
TABLE 1-2 1 
I r  
? 1 
3 
Positive Electrode Gas Evolution Data 
Electrode Number 1 4 1 
Initial Characterization Capacity 1053 
Cycling Mode -- 100% Depth of Discharge -- 300 ma. Charge and Discharge 
Total Cycles 18 -- Six Consecutive Cycles with Several Days Rest in Between 
-
-
Rate at Room Temperature 
-0.3 M Carbonate added after Cycle 12 
Cycle E le ct r ode 
Number St ate 
and of 
Capacity Charge 


















Number St at e 
and of 
Capacity Charge 
(ma. hrs.  1 70 


















2-1080 13.9 0 io-ii?G 25,5 0 
27.8 .17 38. 3 .17 
41.6 1.0 50.9 1.0 
55.2 3.0 63.5 3.0 
68.6 6.0 75.8 5.0 
81.9 9.. 3 88.1 8.5 
94.7 17.0 100.1 13.3 
3-1104 13.6 0 14-1200 25.0 0 
27.2 .. 17 37.5 . 1 0  
40.6 1.. 3 50.0 .40 
53.9 3.3 62.3 2.0 
67.1 6.0 74.5 4.2 
80.0 9.7 86.5 7.0 
92.5 18.7 98.3 12.8 
4-1110 13.5 0 
27.0 . 1 7  
40.5 1.0 
53.7 2 .7  
66.8 5.3 
79.8 9.0 
92.3 16 .3  
1-11 
